The karyological investigations of the domestic mammals are a matter of both scientific and practical importance because of their practical value. At the present time, however, our knowledge regarding them remains in an unsatisfactory status, despite a considerable amount of works devoted to them by previous investigators, such as Wodsedalek ('13, '14, '16, '20, '22) , Masui ('19a, b) , Hance ('17), Painter ('24), Sokolov ('30), Krallinger ('31), Shiwago ('31) , Butarin ('35), Berry ('38, '41) . It is desirable that this field be thoroughly explored in order that the geneticists and breeders of the future may have a fundamental information upon which to build. Being in response to this request, the present investigation has been instituted with the suggestion and guidance of Prof. Oguma, and in the series of papers to be continuously published hereafter will be dealt with the chromosomes of various domestic mammals.
The chromosomes of the horse with which the present paper is concerned have been studied by several investigators, but, as in the case of many other mammals, there is marked disagreement on the fundamental question of chromosome numbers.
The early work by Kirillow ('12) indicated that the haploid number was not less than 10 nor more than 16. A little later Wodsedalek ('14) published a study on spermatogenesis in which he reported the diploid number as 37 and the haploid as 19. Masui ('19) found the diploid number to be between 33 and 38, and 19 in the haploid.
Somewhat later Painter ('24) published an extensive paper on spermatogenesis in which he placed the diploid number at proximately 60 and the haploid at 30 chromosomes.
Recently Ranquini ('34) also gave the diploid number of chromosomes as 60. It is highly probable that the wide discrepancy in the reported chromosome numbers as above mentioned does not primarily depend upon the difference of the animals they used but is only due to the imcomplete fixation of chromosomes in Fig. 16 and this is, in all probability, the X-chromosome. The X-element, which, in the Percheron breed, was difficult to be pointed out among the diploid group, was thus apparently identified in the present case, while the Y-chromosome is entirely im possible to be pointed out in the diploid complement from the autosomes due to prevalence of closely similar elements.
With regard to the spermatocyte chromosomes, there is also present no new evidence especially noticeable and added for this breed, not only in their morphological features but also in their behaviour.
The reference to the annexed figures will bear witness to this fact and illustrate better than any verbal description .
The X-element likewise bears a segmental configuration showing two con strictions (see x in .
The X conjugates with the Y in quite a similar manner as observed in the Percheron (Fig. 19) , and they segregate in the first division running to the opposite poles (Fig. 20) . Though not actually observed, it may be beyond question that there are produced two kinds of secondary spermatocytes, one containing the X -element and the other the Y. Hence, these observations lead to the conclu sion that there are detected no apparent and noteworthy differences between the chromosomes of the Ryukyu Pony and the Percheron breed, so far as the general morphological characteristics of chromosomes are concerned.
Some Considerations on the Chromosomes of the Horse
The chromosome number:
So far as the literature shows (cf. Oguma and Makino '37), the cytological study of the horse has been made by five investigators until the present time. Kirillow ('12) is the first author who reported the chromosome number in the horse, announcing that the haploid number was not less than 10 nor more than 16. Some what later, Wodsedalek ('14) , in his paper dealing with the sper matogenesis of the horse, reported that 37 chromosomes occur in the spermatogonia and 19 in the primary spermatocyte. Then-Masui ('12) published a paper on spermatogenesis, expressing nearly similar opinion with Wodsedalek ('14) , in which he counted 33-38 chromosomes in the spermatogonia and 19 in the primary spermatocyte. Later Painter ('24), in his study on the chromosomes of the horse, confirmed that the number of chromosomes is not so small as given by earlier investigators. He said as follows: "Spermatogonial counts range from 57 to 60, the best plate showing the latter number.
Favourable haploid counts with one exception, have given consistently 30 chromosomes" Recently Ranquini ('34) attained to the same conclusion giving 60 for the diploid chromosome number of the horse. Thus, the number of chromosomes of the horse is not exact one and that these disagreements as to the number do not depend on the racial difference of the material em ployed in the study, but result from improper poor fixation. In the present study, the author has carefully examined numerous metaphase plates in both sides of diploid and haploid groups and has found that there are 66 chromosomes in diploid and 33 in haploid without exception.
The explanation for the lower counts given by earlier investigators such as Kirillow ('12), Wodsedalek ('14) and Masui ('12) is undoubtedly faulty preservation.
Judging from his figures it is very likely that Painter's counts ('24) were handicapped by a fusion of some chromo somes. The numbers 66 in diploid and 33 in haploid are, it seems to the author, the natural number characteristic to the horse dealt with. The form of chromosomes:
It is a matter of difficulty to determine.
precisely the form of chromosomes of a spermatogonial metaphase. In well preserved condition, however, this will become clear to some extent by the examination of chromosomes not only in the spermatogonia but also in the primary and secondary spermatocytes.
In the present study it is ascertained with all probability that the diploid complement shows at least six pairs of atelomitic V-shaped elements, and this fact was confirmed again in the secondary spermatocyte by pointing 6 atelomitic chromosomes.
In Painter's best figure ('24) one can point out nearly 12 V-shaped chromosomes, though he did not touch decidedly this point.
As the interesting feature of spermatogonial chromosomes in the horse, Painter ('24) described the form of the third largest pair of chro mosomes. According to his description, each element of this pair is made up of two components connected by a more or less attenuated chromatic bridge and the occurrence of this pair is constant.
Supporting his view on fragmentation hypothesis of mammalian chromosomes, he stated on these chromosomes as follows: "the very high number in the horse to (Yether with the large proportion of small elements at once suggests the possibility that this condition has been brought about by a fragmentation of larger chromosomes, and that the third pair of chromosomes shows a step in this fragmentation" Though careful examination is made, how ever, the author has failed to find such curious shaped elements in the spermatogonial complex. The presence of such elements is only accounted for by unfavourable fixation. In this place, it is interesting to compare the chromosomes of the horse with those of some other hoofed animals. Krallinger ('31, '36), in his extensive study on this group of animals, reported 60 chromosomes as the diploid number respectively in the cattle, sheep and goat1, 38 in the pig and 30 in Pecari.
According to his statement, 60 chromosomes of the cattle are composed of 59 telomitic and 1 atelomitic ones, and those of the sheep consist of 56 telomitic and 4 atelomitic, while in the goat they are all telomitic.
So far as the number and form are concerned, therefore, the chromosomes of the horse are of the most complicated among the members of the ungulates.
More detailed comparison may be made later when the author's own studies being carried out on these hoofed animals will have been accomplished. 1 Sokolov ('30) and Shiwago ('31) also gave the same number 60 for the goat.
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The sex chromosome:
The previous investigations are not in agreement concerning the evidence for sex chromosome in the horse. Wodsedalek ('14) and Masui ('19) reported the existence of an odd X-chromosome in the horse.
It is doubtless that these earlier investigators entirely failed, as already mentioned, in the identification of the real sex chromo somes.
The X-chromosome adopted by them in the first division is evidently no other than a displaced tetrad.
On the other hand, Painter ('24) and Ranquini ('34)1 agree in finding the sex chromosome of the XY-type. Referring to his drawings it seems probable to the author that the XY-elements designated by Painter ('24) in his paper do not exhibit any natural feature, not only in their configuration but also in behaviour.
The magnitude of the X-element, and of the Y as well, vary considerably according to the individual cells. In some cases, he failed in the identifica tion of the true sex chromosomes. Thus the conditions, as above men tioned, are sufficient to show that the accounts on the sex chromosome of the horse given by the previous investigators were in a very insufficient status.
As mentioned in the foregoing descriptions, the present investi gation was able to furnish, with indisputable clearness, the correct evidence for the sex chromosome in the horse, which can be regarded as conclusive, establishing various morphological characters of the X and Y-elements to a great extent.
The tripartite segmentary structure of the X-chromosome which has been described and discussed for the first time by Oguma ('35) in his study of some rodents, and whose occurrence has been broadened over several other forms of mammals by his extensive studies (Oguma '35, '37a, b) , has been proved to occur also in the horse herein dealt with. As already described in detail, the X of the horse is subdivided into three successive segments in a linear series by the presence of two transverse constrictions. The tripartite structure is possibly of wide-spread occurrence in the X chromosomes of mammals, and has undoubtedly an important bearing upon considering the origin and evolution of the sex chromosome in animals, as the suggestion made by Oguma ('37a, '42) shows.
Summary
The chromosomes of the horse were investigated in the following two distinct breeds, the Percheron and the Ryukyu Pony. So far as the number and other general morphological characters of chromosomes are concerned, the two breeds under consideration show no remarkable and significant difference.
The number of chromosomes in the horse is not so small as described 1 Nothing can be said further regarding the work of Ranquini ('34), since his original paper was not accessible to the present author. 
